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Foreword 

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s land, air, 
and water resources.  Under a mandate of national environmental laws, the Agency strives to formulate 
and implement actions leading to a compatible balance between human activities and the ability of natural 
systems to support and nurture life.  To meet this mandate, EPA’s research program is providing data and 
technical support for solving environmental problems today and building a science knowledge base 
necessary to manage our ecological resources wisely, understand how pollutants affect our health, and 
prevent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory (NRMRL) is the Agency’s center for investigation 
of technological and management approaches for preventing and reducing risks from pollution that 
threaten human health and the environment.  The focus of the Laboratory’s research program is on 
methods and their cost-effectiveness for prevention and control of pollution to air, land, water, and 
subsurface resources; protection of water quality in public water systems; remediation of contaminated 
sites, sediments and ground water; prevention and control of indoor air pollution; and restoration of 
ecosystems. NRMRL collaborates with both public and private sector partners to foster technologies that 
reduce the cost of compliance and to anticipate emerging problems. NRMRL’s research provides 
solutions to environmental problems by: developing and promoting technologies that protect and improve 
the environment; advancing scientific and engineering information to support regulatory and policy 
decisions; and providing the technical support and information transfer to ensure implementation of 
environmental regulations and strategies at the national, state, and community levels. 

This publication has been produced as part of the Laboratory’s strategic long-term research plan.  It is 
published and made available by EPA’s Office of Research and Development to assist the user 
community and to link researchers with their clients. 

Hugh W. McKinnon, Director
National Risk Management Research Laboratory 
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Abstract 

This report summarizes the findings of an evaluation of an enhanced in-situ bioremediation 

technology developed by the U.S. Department of Energy (DOE) at the Westinghouse Savannah River 

Plant site in Aiken, South Carolina and implemented by Earth Tech Inc. at the ITT Industries Night 

Vision (ITTNV) Division plant in Roanoke, Virginia.  This evaluation was conducted between March 

1998 and August 1999 under the U.S. Environmental Protection Agency Superfund Innovative 

Technology Evaluation (SITE) Program. The area focused on during the demonstration was 

immediately downgradient of a solvent release area. At this  locality, several volatile organic 

compounds (VOCs) had been measured at concentrations above  regulatory levels in both upper and 

lower fractured zones of the underlying shallow bedrock. Four specific VOC compounds were 

designated as “critical parameters” for evaluating the technology: chloroethane (CA), 1,1-

dichloroethane (1,1-DCA), cis-1,2-dichloroethene (cis-1,2-DCE), and vinyl chloride (VC). 

The primary objective of the demonstration was to evaluate Earth Tech’s claim that there would be 

a minimum 75% reduction with a 0.1 level of significance (LOS) in the groundwater concentrations 

for each of the four critical analytes, following six m onths of treatment. The demonstration results 

indicated, that on an overall average, concentrations levels of all four critical VOCs were measured 

to be reduced  from baseline to final events as follows: CA (35%); 1,1-DCA (80%);  cis-1,2-DCE 

(97%); and VC (96%). The lower confidence limit (LCL) and upper confidence limit (UCL) were also 

calculated for percent contaminant reduction. The LCL can be thought of as the most conservative 

estim ate of reduction.  The UCL can be thought of as the best possible reduction the technology may 

have achieved. The  90% confidence intervals (LCL-UCL) for the four compounds were:  CA (4 ­

54%); 1,1-DCA  (71 - 86%);  cis-1,2-DCE (95 - 98% ); and VC (92 - 98%).   Therefore, cis-1,2-DCE 

and VC achieved the 75% reduction goal with a 0.1 LOS; 1,1-DCA was just under this goal at 71% 

LCL and CA reduction was barely significant at 4% LCL. 

Acetone and isopropanol (IPA), the two non-chlorinated compounds analyzed for during the 

demonstration, were detected at s ignificant levels in just one of the wells sam pled. On an overall 

average, concentrations of acetone and IPA were measured to be reduced  from baseline to final 

events in this upper zone well by 94% and 96%, respectively.  The 90% confidence intervals (LCL­

UCL) for acetone and IPA were 78-96%  and 86-98%, respectively. 

The lower fractured zone of the bedrock aquifer was the focus of the demonstration groundwater 

sampling.  However, samples were also collected from an upper fractured zone at a reduced 

frequency. The data were useful for evaluating treatment of VOCs contained in fractures above the 

injection depth. The results indicated the technology had a greater impact in the upper fractured zone, 

where higher initial concentrations of the same VO Cs were reduced by larger percentages. 
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Executive Summary 

This report summ arizes the findings of an evaluation of the 

Earth Tech Enhanced In-Situ Bioremediation treatment 

process.  The process was evaluated for its effectiveness 

for treating groundwater contaminated with elevated levels 

of volatile organic compounds, including chlorinated 

compounds.  The study was conducted at the ITT 

Industries Night Vision (ITTNV) Division plant in Roanoke, 

Virginia.  This evaluation was conducted under the U.S. 

EPA Superfund Innovative Technology Evaluation (SITE) 

Program. 

Overview of Site Demonstration 

The Enhanced In-Situ Bioremediation Process is a 

biostimulation technology developed by the U.S. 

Department of Energy (DOE) at the W estinghouse 

Savannah River Plant s ite in Aiken, South Carolina. DOE, 

who refers to their technology as PHOSter™, has licensed 

the process to Earth Tech, Inc. of Concord, MA (Earth 

Tech). Earth Tech is utilizing the process to deliver a 

gaseous  phase mixture of air, nutrients, and m ethane to 

contaminated groundwater in fractured bedrock.  These 

enhancements are delivered to groundwater via an 

injection well  to stimulate and accelerate the growth of 

existing microbial populations, especially methanotrophs. 

This type of aerob ic bacteria has the ability to metabolize 

methane and produce enzymes capable of degrading 

chlorinated solvents and their degradation products to non­

hazardous constituents. 

A pilot-scale technology demonstration of the enhanced in-

situ bioremediation system was conducted from March 

1998 to August 1999 at the ITTNV Division plant  in 

Roanoke, Virginia.  The ITTNV fac ility is an active 

manufacturing plant that produces night vision devices and 

related night vision products for both government and 

comm ercial customers. Groundwater contamination has 

been detected  at several  areas at the facility. The area 

focused on during the demonstration is  im mediately 

downgradient of a so lvent release source area. At this 

locality, several volatile organic com pounds (VOCs) have 

been measured at concentrations above  regulatory levels 

in both an upper and lower fractured zone in the underlying 

shallow bedrock .  Four specific VOC com pounds were 

designated as “critical parameters” for evaluating the 

technology: chloroethane (CA); 1,1-dichloroethane (1,1-

DCA); cis-1,2-dichloroethene (cis-1,2-DCE); and vinyl 

chloride (VC).  

The pilot treatment system that Earth Tech installed within 

the area of contamination consisted of eleven monitoring 

points, including an injection well, four monitoring wells 

located within the anticipated radius of influence,  two 

monitoring wells located outside of the anticipated  radius 

of influence, and four soil vapor monitoring points. The four 

wells located in the anticipated radius of influence were 

designated as  “critical wells”, based on their location and 

the temporal and spatial variability for the four critical 

param eters measured within those wells. Collecting 

samples daily from these wells represented a conservative 

basis for ensuring sample independence based upon the 

groundwater gradient. During the demonstration, one of the 

monitoring wells was temporarily converted to a second 

injection well. 

Over the duration of the demonstration combinations of air, 

nutrients, and methane were injected into the lower 

fractured zone approximately 43 feet below land surface. 

Although emphasis was placed on evaluating treatment 

effectiveness at the injection depth, groundwater in both 

the upper and lower fractured zones of the bedrock  was 

sampled and analyzed by the SITE Program. 
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Conclusions from this SITE Demonstration 

A number of conclusions may be drawn from the evaluation 

of the Earth Tech Enhanced Bioremediation process, 

based on extensive analytical data supplemented by field 

measurements.  These include the following: 

•	 On an overall average, concentrations levels of a ll 

four critical VOCs were measured to  be reduced 

from baseline to final events as follows: CA (35%); 

1,1-DCA (80%);  cis-1,2-DCE (97%); and VC 

(96%). The  90% lower and upper confidence lim it 

intervals (LCL-UCL) for the four compounds were: 

CA (4-54%); 1,1-DCA  (71-86%); cis-1,2-DCE (95­

98%); and VC (92-98%). Therefore, cis-1,2-DCE 

and VC achieved the 75% reduction goal with a • 
0.1 LOS; 1,1-DCA was just under this goal at 71% 

LCL and CA reduction was barely significant at 4% 

LCL. 

•	 The results of the microbial analyses were highly 

variable, but did suggest that the treatment system 

was ab le to  stim ula te  the ind igenous 

microorganisms  to  degrade the target  

contaminants.  The phospholipid fatty acid (PLFA) 

data, which provides a biomass m easurement for 

the entire microbial community, was the most • 
consistent of all the microbial data collected. 

PLFA increased by an order of magnitude 

following the first intermediate sampling event and 

then remained fairly constant throughout the 

rem ainder of the demonstration.  

•	 Comparison of  upper and lower zone data 

suggests that treatment effectiveness may have 

been greater in the upper zone. In the immediate 

area of treatment, the summed total for the four 

critical VOCs in upper zone wells was reduced on 

average by 91% from baseline to final sampling 

events, as compared to 39% for lower zone wells. 

This is believed to be due to the upward airf low 

pathways from the injection point at 43 feet below 

land surface up to shallower depths. 

•	 Microbial data seemed to lend support to the 

above conclusion. For exam ple, total culturable 

heterotroph (TCH) and PLFA concentrations in the 

upper fractured zone attained significantly higher 

levels than in the lower fractured zone. There was 

also significant concentration drops in total 

culturable methanotrophs as measured by the 

most probable number technique (MPN), TCH, 

and PLFA in the lower fractured zone six days 

after the injection system was turned off. 

However, there was not a significant drop 

concentration drop for those three param eters in 

the upper fractured zone. TCH and MPN levels 

actually increased in the upper zone six days after 

the injection system was turned off. The methane, 

oxygen, and nutrients could have m igrated upward 

from the injection point to the upper fractured 

zone, thus lowering microbial levels in the lower 

zone and enriching the levels in the upper zone. 

Therefore, a depletion of methanotrophs could 

have occurred in the lower fractured zone at the 

same time a population increase occurred in the 

upper fractured zone. 

Acetone and IPA, the two non-chlorinated 

compounds analyzed for during the demonstration, 

were detected at s ignificant levels in just one of the 

wells sampled. On an overall average, 

concentrations of acetone and IPA were measured 

to be reduced  from baseline to final events in this 

upper zone well by 94% and 96%, respectively. 

The  90% confidence intervals (LCL-UCL) for 

acetone and IPA were 76- 98% - and 86-98%, 

respectively. 

There is evidence to suggests that anomalously 

high baseline groundwater elevations m ay have 

diluted VOC baseline concentrations, thus biasing 

low observed VOC reductions. The highest 

concentrations of critical VOCs were measured 

during a December 1997 pre-demonstration 

sampling event, during a period of depressed 

water levels. However, just three months later 

during the demonstration baseline sampling event 

heavy precipitation had caused the raising of the 

groundwater to peak elevations.  An inverse 

relationship between groundwater levels and 

contaminant concentrations prior to start of 

treatment suggests that the critical VOC 

concentrations were diluted by more than half (i.e., 

from - 11,600 µg/l to - 5,500 µg/l). Thus, the VOC 

reductions reported for the demonstration may be 

conservative. 
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•	 VOC soil gas data were variable and inconclusive 

with respect to determining VOC sparging into the 

C	 The estimated cost to rem ediate an approximate 

23,000 ft2 area to a depth of 40 feet of VOC-

upper vadose zone as a result of injecting gases contaminated groundwater over a two year period 

into the lower saturated zone. Of the four soil is $370,000.  This assumes that a 40- foot thick 

vapor monitor ing points sampled, two showed 

order of magnitude increases for averaged total 

section of bedrock would be affected, thus an 

estimated 900,000 ft3 of contam inated fractured 

critical VOCs from baseline to six months after bedrock is assumed treated. The cost would 

baseline (only one of which showed a steady convert to $16/ft2 or $0.40/ft3 if the injec tion depth 

increase). A third monitoring point showed an was 40 feet bls.  If the injection campaign needs to 

order of magnitude decrease over the same time be extended at the same site, the cost over a  3-, 

period; a fourth showed no appreciable change. or 4-year period is estimated to increase to 

approximately $440,000 ($19/ft2 or $0.48/ft3), and 

$520,000 ($23/ft2 or $0.57/ft3), respectively. 
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